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Prediction of the quaternary eutectic ®
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Abstract

In this work a method is proposed for calculation of the quaternary eutectic using data from
binary and ternary systems. The eutectic is determined from the intersection of the four surfaces
of primary crystallization of the components. The equations were examined for the system
Cd-Pb-Sn-Bi. As the presence of the perutectic compound Pb,Bi has essentially no influence on
the liquidus surface, pure Bi (1), Pb (2), Sn (3) and Cd (4) were used as components of this system.
The calculated and experimental values of the fusion temperature and composition of the
quaternary eutectic are compared below:

TK z, z, z, z,
Experimental data 342 0.194 0.231 0417 0.158
Calculated data 349 0.222 0.227 0.408 0.143
Good agreement is observed between the calculated and experimental values of the coordi-

nates of the quaternary eutectic.

Keywords: Binary eutectic; Multicomponent systems; Phase diagram; Quaternary eutectic;
Ternary eutectic

1. Introduction

The experimental determination of phase diagrams of multicomponent systems
takes quite a long time. A series of equations has been derived for theoretical prediction
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of the ternary eutectic temperature and composition [1]. The equations for direct
calculation of the eutectic in pseudoternary systems formed by non-molecular com-
pounds are derived in refs. [2] and [3].

2. Method

The possibility of correct calculation of the quaternary eutectic from data of
boundary ternary systems is studied in this work. The proposed method consists in
determining a quaternary eutectic from the intersection of the four hypersurfaces of
primary crystallization of the components or alloys on its base. For a primary
crystallization field which is volumetric in the quaternary system, linear addition of the
liquidus temperature is used [1].

The quaternary eutectic system has four volumes of primary crystallization which
are defined on the linear model from the values of the fusion temperatures of pure
components and of the coordinates of binary and ternary eutectics (Fig. 1):

Bi(1) z,(xy)

Pb@)
2, Xs)

Fig. 1. Phase diagram of the system Cd-Pb-Sn—Bi (E* is the quaternary eutectic).
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T=xT1+x,T,+x;T,+x,T,

T=xTs+xsTe+x, L +x,T; (1
T=xgTg+xTo +x3 T3+ x,0T19

T=x11Ti1+x12T1, +x, T, + x10 Tho

For example, in the first equality T}, T, T3, T, and x;, x,, X5, x, are coordinates of
pure component 1, binary and ternary eutectics in the corresponding simple codified
subsystem.

The coordinates (Z) of system 1-2—-3-4 are bound with coordinates (x) of its codified
subsystem by the matrix M; in the expression

Z=M,x; 2)
The matrix for the liquidus for component 1 may be written as:
a1 412 a1z adia 1 K; K: K3
a1 Az az asa 0 Ki Ks Ko
M, = = 3)
as1 4z a3 asg4 00 K70
a1 (a2 a3 da4 0 Ks 0 O

where a1, az;, asi and a4 are the mole fractions of components 1,2, 3 and 4 at points
bi-pure component 1, E,—eutectic 1-2-4, E,—eutectic 1-2-3, and e;,—eutectic 1-2;
K, K, and K are the mole fractions of components 1,2 and 4 in the ternary eutectic
1-2-4; K,, K5 and K, are the mole fractions of components 1,2 and 3 in the ternary
eutectic 1-2-3 and K; and K4 are the mole fractions of the compenents 1 and 2 in
binary eutectic 1-2.

The dependence of x on Z is given by:

x,;=M;j'Z )

where M; ! is a reverse matrix.
The reverse matrix for the hypersurface of primary crystallization of component
1 may be written as:

_K3 _(K2K6 _KsKs) K3K4 _K1K6

S & KK, KoKy
1
0 0 0 .
M= Ks 5
1 { &)
0 0 — 0
7
0 L K, K,
K, K.K, K.K,

By analogy we derived the expressions of the reverse matrix for the hypersurface of
primary crystallization of components 2, 3 and 4 using the coordinates of the
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corresponding binary and ternary eutectics:

(K4 K10 — KgKy) _KiiKio—KyKiz Ky

1 _2
K, Ko KoKy Ko
. 0 __Kis _1_
. K, K, KioK12 Kio
M;'= . (6)
— 0 0 0
1
1
0 0 X5 0

where K4 and K ¢ are mole fractions of components 2 and 4 in the binary eutectic 2-4
and K11, K12 and K,3 are the mole fractions of components 2, 3 and 4 in ternary
eutectic 2—-3—4.

Kis K;Kia—K3K;5 Ki4Ky7—K;5K36

- 1
K4 K;K,, K1a4Kis
L __K 0 __Kis
. Kis KsKia - K14Kis
Mi'= | (7
0 K. 0 0
1
0 0 0 X,

Where K14 and K1 s are the mole fractions of components 1 and 3 in binary eutectic 1-3
and Ky, K17 and K¢ are the mole fractions of components 1, 3 and 4 in ternary

eutectic 1-3-4.
Kzo _Kleo—K8K19 _K8K19“K16K20

_2x20 1
Kio K,Ki9 Ki7K19
1K L Ke
-1 K19 K4K19 K17K19
Mil= : (8)
0 Yo 0 0
4
1
— 0
0 0 Ko

Where K10 and K2¢ are the mole fractions of components 1 and 4 in binary eutectic
1-4. From the equalities

b Z, Xg Z, Xg Z,
Xo N -t Za) [ Xe | _ag-t| 22} Xo \ _ag-1] 22
=M; 7. | =M 7. F =M; 7z
X3 3 Xy 3 X3 3
X4 Z, Xq Z, X190 Z,
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X1 Z,
Xy2 = M;! Z,
X3 Z,
X10 Z,

for example it follows that

K K,K¢— K K K,K,—K,K,.,

= 237 _ s
x,=2Z, K622 K.K. Z,+ K.K, 2y,

1t _1,  _1 Ks , K,
XZ—E-Z‘;, x3—K—723, L4—EZ K6K7Z3 K KBZ
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By substituting the expressions for x; into Eq. (1) the following equations are obtained

for calculation of the quarternary eutectic:

A Z 4 AyZy+ Ay Zy+ Ay Zy =T
AZ 4 AgZy+ A Zy+ Ay Z, =T
AgZ, + AroZy+ A1Zy+ A2 Z, =T
A13Z, 4 AraZy + AisZy+ Ar6Zy=T
Z\ 4 Zy 4 Zy+Z, =1

(10)

Where T, Z |, Z,, Z, and Z, are the temperature and the mole fractions of components

1, 2, 3 and 4 in the quaternary eutectic,

T,—T,K T,K¢—T.K; —(K,Kg — K, K)T,

A, =T, A,==% 123 4 o =f3%e T la AW
1 1 2 K6 3 K K
4, = BKe— LKy +(K3Ky ~ K KQT,

4= KK,
A =T2K1o—T6K8+(K8K9—K4K10)T5

5 K, K10

_ T7K10'—TK13+(K K13—K10K11)T _
Ae=Tp A;= Ki0Ki2 As = Kio
4 _h=TKis , _TKia—T,K; + T(K;Kis — K, K1)

o Kie 7' KK

TioK14 — T9K16 +(K15K16 — K14aK17) Ty
Ki14Kis

Ann=T,, A=
Ti2~Ti1 K20 A14=T2K19—T12K1+(K8K19—K1K20)T11
Kis ’ K,Kio

Ti0K19 —T12K16 + (K16 K20 — KgK19) T11
Ki7K1o ’

Az =

Ays= A6 =Tho

TG - TSKQ
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3. Results

Egs. (10) were examined for the system Cd—-Pb-Sn—Bi [4, 5]. Because the presence of
the perutectic compound Pb,Bi has essentially no influence on the liquidus surface
(Fig. 1), Bi (1), Pb (2), Sn (3) and Cd (4) were used as components of the system. The
calculated and experimental values of the fusion temperature and composition of the
quaternary eutectic are compared below:

T/K Z, z, A Z,
Experimental data {4, 5] 342 0.194 0.231 0417 0.158
Data calculated using Eqs. (10) 349 0.222 0.227 0.408 0.143

There is good agreement between the calculated and experimental values of the
coordinates of the quaternary eutectic.
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